Introduction
============

Human metapneumovirus (hMPV) was discovered in 2001 as a frequent cause of upper and lower respiratory tract infections in the community. Among children, sero-positivity approaches 100% by school age.[@b1-jir-8-079] In one report, hMPV was detected among 6% of hospitalized children, 7% of those seen in outpatient clinics, and 7% of those seen in emergency departments. The overall incidence varied from one to two in 1,000 affected children. The risk of severe infection is higher among young infants who have developing immune systems.[@b2-jir-8-079] Among children with at least one underlying medical condition, the incidence of hospitalization is higher, and was reported by Hahn et al[@b3-jir-8-079] to be 68% of 238 (n=162) hospitalized children with hMPV. Children in the community may in turn expose immunocompromised patients to the virus. Other predisposing factors affecting severity include higher viral load and virulence factors associated with attachment to the airway epithelium.[@b3-jir-8-079] Most immunocompetent patients resolve their symptoms without any specific treatment. Among the lung transplant recipients though, the sequelae of this hMPV infection can be severe and contribute to organ failure and death. There are only limited studies describing hMPV specifically in the lung allograft rejection population. Since community-acquired viruses are known to be one possible risk factor for both acute cellular rejection and bronchiolitis obliterans syndrome (BOS)/chronic allograft dysfunction (CAD), the goal of this present study was to analyze acute rejection (AR) and chronic rejection (CR)/BOS related to metapneumoviral (MPV) infection in a lung transplantation population.

Methods
=======

A literature search was conducted to identify studies describing hMPV infection in association with allograft rejection, among lung transplantation recipients of any age. The PubMed and MEDLINE databases, two different search engines, were used to search published citations from 2001 to 2014. The keywords used were "Metapneumoviral (both viral and virus)" and "Lung/Transplantation".

Clinical case reports and any study with clinical patient data describing both lung allograft rejection and the identification of hMPV, without co-infection, were included for further analysis. Articles describing non-lung solid organ transplant patients only, or hematopoeitic stem cell transplantation patients only, and those without data identifying both allograft rejection and hMPV were excluded. The patients described in the articles that did not contain information on hMPV infection without co-infection and allograft rejection were not included in the analysis. There were 15 citations identified, and four were excluded for not fully meeting the inclusion criteria. There were eleven articles included therefore for further analysis.

Statistical analysis
--------------------

This study identified the number (n) of total study samples and patients meeting the outlined criteria for analysis. The patients who experienced allograft rejection in association with isolated hMPV were described by number and percentage. The term meta-analysis refers to the analysis of a large dataset.

Results
=======

All the studies included for analysis used molecular detection platforms to identify the messenger (m)RNA of hMPV. The mean age and post-transplantation day were not uniformly recorded in the studies and not included in the data summary. The data collection periods ranged from 6 months to 3 years. The follow-up period between hMPV detection and the diagnosis of rejection ranged from 0 to 3 months, with the exception of the Hopkins et al study,[@b4-jir-8-079] which identified BOS up to 6 months post-transplantation.

In one study of n=89 lung transplant patients with upper respiratory infection/lower respiratory tract infection, there were 19 polymerase chain reaction (PCR)-positive hMPV cases, of which 12/19 (63%) were associated with AR. There were no cases of CR described.[@b4-jir-8-079] In another larger study of 388 lung transplant patients screened for community-acquired respiratory virus (CARV), 30 patients were identified by PCR. Of these, 6/30 or 20% were proven positive for hMPV, and 2/6 or 33% had a history of BOS within 6 months of the identification of the hMPV.[@b5-jir-8-079]

One study of 582 samples collected from 93 patients identified 81 samples by PCR, from 48 patients, with a positive PCR identification of viral mRNA. Of these, 4/48 patients (8.3%) were positive for hMPV. All four positive samples were from recipients with no symptoms. One of the four developed AR and then progressed to BOS/CR.[@b6-jir-8-079]

Another study of 60 patients, with 112 respiratory infections, identified 51 samples with one or more CARV. Out of the 51, seven (13.7%) were hMPV positive, either alone or in combination with another virus, and four patients had only hMPV. Of the four patients, one had AR, and none had CR.[@b7-jir-8-079]

Gerna et al collected 128 samples (56 nasopharyngeal and 72 bronchoalveolar lavage \[BAL\]) from 75 lung transplant recipients, over a 3-year period sampled either by nasal aspirate or BAL. hMPV was identified frequently in BAL (60%) either alone or in combination with other organisms.[@b8-jir-8-079] Four patients over the 3-year period had hMPV identified. Twenty-nine patients had a positive sample for hMPV. Two of the four patients with hMPV had an episode of acute cellular rejection, but there was co-infection in those patients with another virus (rhinovirus, cytomegalovirus). These two patients were not included due to hMPV-related rejection in this analysis.

Another study analyzed only positive cases of hMPV in an immunocompromised population. It identified two lung transplantation patients with hMPV infections, and two out of nine (22%) had hMPV.[@b9-jir-8-079] Both developed AR and subsequently died. The study did not describe the detection of other viruses. The summary of the results of all eleven studies is shown in [Table 1](#t1-jir-8-079){ref-type="table"}.

In summary, there were 1,007 lung transplant recipients, with 2,883 samples analyzed for viruses. Out of 337 samples that identified viruses (any), 57 (17%) were positive for hMPV. Twenty out of the 57 (35%) cases of hMPV had AR within 3 months of detection of the virus. There were five cases of CR in association with hMPV.

Discussion and conclusion
=========================

This study is one of the largest meta-analyses to date analyzing hMPV respiratory infections and allograft rejection, among lung transplantation recipients. The results indicate that detection of hMPV from airway secretions may be a significant post-transplantation occurrence. There were 35% of cases of hMPV associated with AR and 9.4% associated with the development of CR.

Respiratory syncytial virus (RSV), adenovirus, and parainfluenza viruses are recognized as clinical risk factors for allograft rejection.[@b10-jir-8-079] There are fewer studies of hMPV infection without co-infection by bacteria, fungi, or other viruses as a risk factor for rejection and allograft dysfunction in the lung transplantation literature.[@b11-jir-8-079],[@b12-jir-8-079] The present study indicates that hMPV may be a significant risk factor for rejection episodes, since 35% of the patients with isolated hMPV respiratory infection developed AR and almost 10% developed CR within a short time frame of the initial infection. All studies, with the exception of one, included identified rejection within 3 months. The other study analyzed cases of CR within 6 months.[@b4-jir-8-079]

Since respiratory infections can be prevalent in the community at any time during the year, the lung transplantation recipient is at risk during the initial and subsequent clinical course. Avoidance measures such as avoiding ill contacts, hand hygiene, and vaccinations are important in the clinical management.

hMPV was first identified in 2001 as a negative-stranded RNA virus, in the paramyxoviridae family. hMPV is closely related in structure, clinical presentation, and virulence to RSV. One contrasting feature though is that hMPV is much more difficult to detect by available rapid detection methods or standard viral culture. Molecular methods, such as PCR or luminex, remain the diagnostic test of choice. One study reported that 20% of false tests using a direct antigen platform were actually related to hMPV infections.[@b4-jir-8-079]

The epidemiology in the community varies from 3% to 5%, as a cause of respiratory tract infection. Among children with severe respiratory tract infections, the rate is estimated to be 5%--7%.[@b1-jir-8-079],[@b2-jir-8-079]

To date, there have been numerous studies of community-acquired viruses in lung transplantation patients, but very few focused on hMPV infection without co-infection with other organisms, as a risk factor for acute cellular rejection and CAD. The present study pooled data and analyzed the temporally related outcomes of AR and CR in this population.

Cellular and molecular pathways linking viral infection and CAD as well as acute cellular rejection suggest that the initial injury is to the epithelium, with subsequent release of inflammatory and immune factors which can lead to graft dysfunction. Viral attachment to the bronchial epithelium causes local damage at and around the point of viral attachment. The activation of cell surface receptors activates the innate immune system.[@b13-jir-8-079] The exact pathogenesis leading to AR and CAD is not fully identified. Many of the mediators of acute and chronic allograft rejection share common pathways with viral activation and epithelial cell injury. The antiviral cytokines involved in the immune response and CD8+ T lymphocytic activation are pro-inflammatory (Th1, tissue necrosis factor, and interferon families) and may induce fibrotic pathways leading to graft dysfunction.[@b13-jir-8-079] Other studies have reported that the functional and physiologic consequence of initial viral infection results in a decline in lung function.[@b14-jir-8-079],[@b15-jir-8-079]

Our study showed that during or shortly after viral infection, the lung allograft response can lead to AR and CR in 35% and 9.4% of patients, respectively. One of the strengths of this study is that only cases of isolated hMPV identified by molecular diagnostics with short-term follow-up of events of rejection were analyzed further. The drawbacks of meta-analysis are common to most such studies, in that clinical information may not be uniformly presented between studies. By considering only isolated cases within a short period, this potential confounding factor was limited.

Respiratory viral infection affects the lung transplantation population more so than other solid organ transplantation recipients, since there is direct exposure of the lung graft to the contiguous upper airway, or portal of entry.

There were studies that were not identified by the search terms, since this study was focused on one virus, hMPV, specifically in the lung transplantation population. One such study of 343 bronchoscopic procedures among the lung transplantation population did not identify hMPV specifically. In this study, a temporal relationship was identified between acute respiratory symptoms and positive viral nucleic acid detection in the BAL fluid. It did not identify this temporal relationship between AR and acute phase of infection.[@b16-jir-8-079] Detection of severe hMPV infection among a variety of patients undergoing bronchoscopy identified two additional MPV-infected lung transplantation patients. One had co-infections with *Streptococcus* and *Moraxella* bacteria. This patient had no rejection but did demonstrate chronic interstitial inflammation. The other lung transplant patient had hMPV infection without co-infection. In this patient, there was no evidence of AR.[@b17-jir-8-079] While there may be additional literature regarding hMPV, this study focused on capturing those patients with isolated hMPV and temporally related allograft rejection.

In summary, this study of more than 1,007 patients and 2,883 viral samples identified that 17% of all respiratory viral infections are attributable to hMPV isolation. A significant portion of these patients developed AR or CR within less than 1 year of follow-up. Given the limited therapeutic options of ribavirin and pooled immunoglobulin to treat hMPV in lung transplantation patients, early diagnosis and recognition of the consequences remain important areas of future study. The present article highlights the importance of ordering hMPV molecular testing if allograft rejection is suspected.
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###### 

A description of AR, CR and hMPV+ samples collected from lung transplantation recipients

  Patient Number   N       Total viral+   hMPV+   AR   CR   Reference
  ---------------- ------- -------------- ------- ---- ---- -------------------------------
  89               199     47             19      12   0    Hopkins et al[@b4-jir-8-079]
  388              950     30             6       0    2    Gottlieb et al[@b5-jir-8-079]
  93               582     48             4       1    1    Kumar et al[@b15-jir-8-079]
  60               112     51             4       1    0    Weinberg et al[@b7-jir-8-079]
  75               128     29             2       0    0    Gerna et al[@b8-jir-8-079]
  2                2       2              2       2    0    Shahda et al[@b9-jir-8-079]
  1                1       1              1       0    0    Raza et al[@b10-jir-8-079]
  26               49      na             12      4    2    Larcher et al[@b12-jir-8-079]
  114              234     5              2       0    0    Dare et al[@b11-jir-8-079]
  100              100     37             1       0    0    Kumar et al[@b6-jir-8-079]
  59               526     87             4       0    na   Sayah et al[@b14-jir-8-079]
  1,007            2,883   337            57      20   5    Total

**Abbreviations:** hMPV+, metapneumovirus (human); AR, acute rejection; CR, chronic rejection (bronchiolitis obliterans syndrome/Chronic Allograft Dysfunction); na, not available; N, sample number.
